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Momusayusa u yenv: TepMoreHe3 B KUPOBOW TKaHHW MPEACTABISET COOOWM Tporecc
JUCCUTIAIIMK W30BITOYHON DHEPTUHM OKHCICHHUS TIIIOKO3BI, KUPHBIX KUCIOT U IPYTUX
cyOcTpaToB B Buje Teruia. biaromaps aHOpEKCHUIEHHOMY M THIOTJIHKEMHYECKOMY
3¢ deKTy TepMoreHes SIBISETCS NMEPCIEKTUBHON MUILEHBIO Uil pa3paOOTKU HOBBIX
TepaneBTHYECKHUX MOIXO0A0B sl 00pPHOBI C OKUPEHUEM, CaXapHbIM IUa0ETOM 2 THIIA U
COITyTCTBYIOIIMMH MeTaboInyeckuMu 3aboneBanusMHu. Hapsgy ¢ KaHOHHMYECKHM
MEXaHMU3MOM TEPMOI'€HE3a, OCYLIECTBISIEMBIM OCJIKOM pa3o0IuTeNneM BHYTpEHHEH
MeMOpanel  mutoxoHApuit UCPI1, mnpomykmus Teria B aAWIOIHUTAaX MOXKET
YBEITUUMBATBCS TIPU TOBBIIICHUH aKTUBHOCTH QYTWIBHBIX LUKIOB [1-3]. Mur
NPEINONIOKIIN, YTO AKTUBALMS TEPMOTCHHBIX (YTHIBHBIX LUKIOB, BKIIOYAFOLIUX
KPCaTUHKUHA3HBIH W  TPHALWIMIMLIEPUAHBIA IHMKIBI, MOXET CIOCOOCTBOBATH
W3MEHEHUIO YTIIEBOJHOTO M JIMIIMIAHOTO METa0OJIM3Ma >KUPOBBIX KIETOK, YCHIMBATH
YTUIU3ALUIO TIIOKO3bI W TPUITHUIEPUIOB B OKHCIUTENBHBIX TIpoleccax. Llems
NPEICTAaBICHHON pa0OThl 3aKI0YaeTcs B AKTHUBALMU OKCHPECCHU  KIIFOYEBBIX
¢depmenToB pyTrinbHBIX HHKIOB (kpeaTnHkruHa3bl B (CKB) u rmmueponkunassl (I'K)) B
aJIMIOIUTAaX U aHAIM3e MeTa00IM3Ma MOAU(PUIIMPOBAHHBIX KIETOK [1, 4].

Memoowr u ancopummour: ViccnemoBaHue MpOBOAMIN Ha KynbType kietok 3T3-L1,
g pepeHINPOBaHHBIX B a/IATIOLIUTHI noJ JeiicTBUEM WHCYJIMHA,
M300yTHIIMETHIIKCAHTHHA, JEKcaMeTa3oHa W po3uriauTasoHa. [lnsg momydeHus
JICHTUBUPYCHBIX KOHCTpykumi s aktuBaiuu ['K u CKB 0Oenok-koaupyromiue
nocneaoBatenbHocT MPHK NM 008194.3, NM 021273.4 Obuti aMIDTHQUIIIPOBAHEI
¢ nomoipio [P ¢ oOparHoii TpaHCKpUTIIIHEH 1 KIIOHUPOBaHbI B BeKTOp Lego-iG2, Ha
OCHOBE KOTOPOTO OBUIM TOJYYEHBI JIGHTHBHPYCHBIE YACTHIBL. 3pejble aTUIOIUTHI
TPaHCAYLMPOBAIX U 4epe3 48 4 OLICHWBAIN PETYJISILMIO SKCIIPECCUU LENIEBBIX OETIKOB
metopamu IILIP B peanbHOM BpeMeHM M MMMYHOOJNOTTUHra. B MoanuumupoBaHHBIX
KJIETKaX HCCIIeOBANIN aKTHBHOCTH TOTJIONMIEHHUS TJIIOKO3bI, JINMIOU3a W JIUIOTreHe3a
METOJIOM PaJMOU30TONHOrO aHanu3a ¢ npuMenennem [*H]-2-ne3okcurirokossl u [H4C]-
IIIOKO3b. MeTabomuuecKue napaMeTpsl KJIETOK OLEHUBAIN B 0a3aJbHOM COCTOSHUU U
MPU CTUMYJISIIIMY BKHEUIINMH PETYISITOPAMHI METa00IN3Ma aTUTIOIIUTOB: HHCYJIMHOM
n HopaapeHanmuHoM. Brmsame runepakcnpeccun CKB um 'K Ha Tepmorenes,
MeMOpaHHBIN MMOTEHIIMAT MUTOXOHAPUI M HAKOIUIEHHE JIMIIHUI0B OLEHUBAIH METOJOM
KOH(OKANbHOM  MHUKPOCKONHMHM TPW  BH3yaJH3alH  KJIETOK C  IOMOIIBIO
¢dnyopectientusix 30108 ERthermAC, JC-1 u BODIPY493/503. O6paboTky
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MukpodoTrorpaduii ¥ KOJUYECTBEHHBIM aHAIW3 MPOBOJAWIM B mporpamMMe Image
ExFluorer ¢ ncnonp3oBanreM MallMHHOTO O0Y4YeHHUSI.

Pesynomamer: [lomydeHHbIe TEHETUYECKHE KOHCTPYKIIUH YBEIHMYUBAIOT HKCIPECCHIO
CKB u I'K B 3pensix agumornuTax. [Tokazano, uro B kieTkax ¢ runepakcnpeccueii CKB
u I'K ycunuBaeTcs MOrIoIeHNE TIII0KO3bI B OTBET Ha HOPAAPEHAINH, HO HE TIPOUCXOTUT
W3MEHEHHE aKTUBHOCTH JIAIIONN3A, JIUMIOT€HE3a W WHCYJIMHOBOM YyBCTBHUTEIHHOCTH.
beimo mpomeMoHCTpHpOBaHO, YTO MOBHIMIeHHE 3Kcmpeccuu OenmxkoB CKB um I'K B
aUIOINTaX AaCCOLIMMPOBAHO C YMEHBIICHHEM KOJUYECTBA MEIKHUX U CPEIHUX
JUMUIHBIX Kalelb 32 CUET YBENUWYCHHS IKCIPECCUU aKTHUBATOpa CIUSHUSA Kamelb —
0enka FSP27. I'mnepakcnpeccus CKB u 'K He oka3piBaja BIMsAHHE Ha Oa3alIbHBIM
YpPOBEHb TEpPMOT€HE3a, HO YCWIMBAJIA MPOAYKIHMIO TEIUIa TMPU CTUMYIALHUUA
HOPAJIPEHAIMHOM B CPaBHEHHWU C KOHTPOJBHBIMH KieTKaMu. Kpome Toro, mpu
aktuBanmu dkcnpeccun CKB m 'K Obuto oOHapykeHO yBeNWYeHHE KOIHYEeCTBa
MUTOXOHJPHUN C BBICOKUM MEMOPAaHHBIM ITOTEHIINAIOM.

Buisoowi: [lpu axtuamuu sxcripeccun CKB u 'K, koTOphle SBISIOTCS KIIOYEBBIMU
(l)epMeHTaMI/I KpCaTUHKUMHA3HOIO0 W TPUAIWITIULICPUIHOTO q)YTI/IJ'H)HBIX OUKJIOB,
MIPOUCXOANT TOBBINICHNE YyBCTBUTEIHHOCTH KJIETOK K HOpaJApeHamuHy. B oTBer Ha
CTUMYJISIMIO aAPECHOPELETITOPOB B aIUIIOIUTaX ¢ MOBBIMIEHHOU 3kcnpeccueid CKB u
I'K IMPOUCXOIUT 60.]'[66 CUJIbHAsA aKTUBALlUA TCPMOTCHE3A U NTOTJIONICHUA I'TTFOKO3bI, YEM
B KOHTPOJBHBIX KieTkax. [loBplieHne MeMOpaHHOTO IMOTEHIMATa MUTOXOHAPWUH B
MOAU(DHUIIMPOBAHHBIX KIIETKAX MOXKET OBITH CBSI3aHO C HEOOXOUMOCTHIO B YBETTHUECHUHN
cunte3a AT®, Tak Kak aKTUBHOCTh (D)YTHUJIBHBIX IIUKJIOB COTIPSDKEHA C PAcXOJI0BaHHEM
sHeprum. Takum obOpasoMm, aktuBarmms dkcrpeccun CKB u 'K Moxer ObITh
WCTIONB30BaHa Ui TIONYYCHHS TEPMOTEHHBIX aJHITOIHUTOB, XapaKTEPHU3IOIIUXCS
BBICOKUM YPOBHEM IIOIVIOIICHHA W YTHUIIUM3allUW TJIFOKO3BI. Ha ocHoBe MOJTY4YCHHBIX
KJICTOK BO3MOXHa pa3paboTKa HOBBIX IOJXOJOB B T'€HHOW M KIETOYHOU Teparuu
OKHPEHHSI U COITyTCTBYIOIINX METa0OINIeCKHUX 3a00IeBaHNH.

Qunancuposanue: Viccnenopanue nouepxano rpanrom PH® Ne 22-75-10085.
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Motivation and Aim: Thermogenesis in adipose tissue dissipates excessive energy of
glucose and fatty acids oxidation in the form of heat. Due to its anorexigenic and
hypoglycemic effects, thermogenesis is a promising target for the development of new
therapeutic approaches to combat obesity, type 2 diabetes mellitus and concomitant
metabolic diseases. Along with the canonical mechanism of thermogenesis carried out
by the uncoupling protein of mitochondrial inner membrane UCP1, heat production in
adipocytes can be increased during futile cycles [1-3]. We suggest that activation of
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thermogenic futile cycles, including creatine kinase and triacylglyceride cycles, may
contribute to changes in carbohydrate and lipid metabolism of fat cells, enhance the
utilization of glucose and triglycerides in oxidative processes. The purpose of the
presented work is to activate the expression of key enzymes of the futile cycles (creatine
kinase B (CKB) and glycerol kinase (Gyk)) in adipocytes and analyze the metabolism
of modified cells [1, 4].

Methods and Algorithms: The study was performed in 3T3-L1 cells differentiated into
adipocytes using insulin, isobutylmethylxanthine, dexamethasone and rosiglitazone. To
obtain lentiviral constructs for Gyk and CKB overexpression, the protein-coding mRNA
sequences NM_008194.3, NM_021273.4 were cloned into the Lego-iG2 vector using
RT PCR. Mature adipocytes were transduced, and the expression of target proteins was
measured in 48h by real-time PCR and immunoblotting. In modified cells glucose
uptake, lipolysis and lipogenesis were analyzed using [®*H]-2-deoxyglucose and [**C]-
glucose. Metabolic parameters were measured in the basal state and under stimulation
with important regulators of adipocyte metabolism: insulin and norepinephrine.
Thermogenesis, mitochondrial membrane potential and lipid accumulation were
examined by confocal microscopy of cells stained with ERthermAC, JC-1 and
BODIPY493/503. Processing of microphotographs and quantification were carried out
in Image ExFluorer using machine learning.

Results: The obtained genetic constructs increase the expression of CKB and Gyk in
mature adipocytes. Adipocytes overexpressing CKB and Gyk has demonstrated
enhanced glucose uptake in response to norepinephrine. However, they CKB and Gyk
had no effect on lipolysis, lipogenesis and insulin sensitivity. Increased expression of
CKB and Gyk in adipocytes was associated with a decrease in the number of small and
medium sized lipid droplets due to increased expression of the droplet fusion activator
FSP27. Overexpression of CKB and Gyk had no effect on the basal level of
thermogenesis, but expression of both proteins increased heat production in response to
norepinephrine. In addition, activation of CKB and Gyk expression increased the
number of high membrane potential mitochondria in adipocytes.

Conclusion: Activation of CKB and Gyk, which are the key enzymes of the creatine
kinase and triacylglyceride futile cycles, increases adipocytes norepinephrine sensitivity.
Adipocytes overexpressing CKB and Gyk have higher level of thermogenesis and
glucose uptake activation in response to adrenergic stimulation. An increase in the
mitochondrial membrane potential in genetically modified cells could be associated with
the increased ATP synthesis, since the activity of futile cycles is associated with elevated
energy demand. Thus, activation of CKB and Gyk can be used to develop thermogenic
adipocytes with high level of glucose consumption and utilization. Transplantation of
obtained thermogenic adipocytes can become a new approache in gene and cell therapy
of obesity and related metabolic disorders.

Funding: The study is supported by RSF grant No. 22-75-10085.
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